Energy and exergy analysis of a combined refrigeration and waste heat driven organic Rankine cycle system were studied theoretically in this paper. 
Introduction
The systems, which convert various heat energy into electrical energy, are called "Organic Rankine Cycle (ORC)". In organic Rankine systems, organic compounds are used as working fluid instead of water. Organic Rankine systems have a very important place in converting low or middle grade waste heat or natural energy sources into useful electrical energy and have several advantages over the traditional Rankine cycles which use water as working fluid. First of all, in ORC systems, high molecular weighted, low corrosive, low critical temperature and low critical pressure organic compounds are used as working fluid. Fluid molecules collide turbine blades with low speed because of high molecular weight of the working fluid and this is important for the turbine life. Another advantage is low thermal and mechanical stress on the system equipments because of low temperature and pressure of the working fluid. These and similar advantages make attractive the ORC systems when generating power from low and middle grade heat sources.
Like other power generating systems, exergy and energy performance analysis has an important place in feasibility study of the ORC systems. There are several studies on the ORC systems about performance and working fluid selection. Sun et al. [1] analyzed performance of an ORC system by using dry, isentropic and wet fluids. Evaporation pressure, condensing pressure, outlet temperature of hot fluid, net power, thermal efficiency, total cycle irreversible loss and total heat recovery efficiency parameters of the system have been investigated with critical temperatures of the fluids and by changing evaporation temperatures. In another study, Kaşka [2], analyzed energy and exergy of an organic Rankine system which is used in waste heat recovery in steel industry. The variation of energy and exergy parameters of the system has been examined by changing outlet temperature of the heat source, evaporator pressure, superheating, dead state temperature and condenser pressure of the system. Ozdil et al. [3] thermodynamically analyzed ORC system that is located in southern of Turkey with actual plant data. In the analysis relationship between pinch point temperature and exergy efficiency was observed and as a result of the study, it is specified that, exergy effiency will increase if the pinch point temperature is decreased. In a different study, ORC system has been used in a 12 L diesel engine to recover waste exhaust gas and as cooler for the engine by Javan et al. [4] . The system analyzed for maximizing power generation from ORC system with using waste exhaust gas to evaporate organic fluid and hot water of the engine is used to actualize preheating the organic fluid in ORC system. Many studies have been done about using geothermal, solar or waste heat sourced ORC systems [5] [6] [7] [8] [9] .
In this study, a typical refrigeration cycle is combined with a waste heat sourced ORC system. Generated power in ORC system is provided to the compressor in refrigeration system to complete cooling process. Similar system is analyzed theoretically by Cihan [10] , using dry and isentropic fluids which are R600, R600a, R601 and R245fa, in the manner of coefficient of performances of power and refrigeration cycle and first law efficiency of thermodynamics. In another similar study, Lian et al. [11] investigated the change of overall system coefficient of performances, compression and expansion ratios in compressor and turbine due to boiling, evaporation and condensation temperatures for four different organic fluid (R290, R600, R600a and R1270). There are different studies about this subject using ejector instead of compressor in refrigeration cycle [12] [13] [14] .
In organic Rankine systems fluid selection is important and many studies have been done to specify proper type of fluid and many researchers have suggested dry or isentropic fluids for this type of systems [15] [16] . In expansion process at turbine, condensation may occur when temperature and pressure of working fluid decrease. This causes reduction in turbine life if liquid molecules of working fluid collides with turbine blades. Because of that reason, in this study dry, R600, R600a, R245fa, R123 and isentropic, R141b, organic fluids have been used as working fluid. Thermophysical properties of working fluids which used in the system is shown in tab. 1. As it seems from table, critical pressures and temperatures of the working fluids are less than R718 (Water). On the contrary, molecular masses of these working fluids are higher than R718. 
System Description
The schematic diagram of the combined refrigeration and organic Rankine cycle is shown in fig. 1. As it shown in the figure, the system consists of evaporator, compressor, expansion valve in refrigeration cycle and pump, boiler, turbine in organic Rankine cycle. The system has a condenser for common use in refrigeration and ORC. Power is generated in turbine by high temperature and pressure working fluid and delivered to the compressor to complete refrigeration process by a mechanical shaft.
Processes in the system can be listed in following: The thermal efficiency of the ORC system can be defined as:
, and will be calculated from following equations:
The coefficient of performance of refrigeration cycle can be defined as:
and can be found from following equations.
Heat rejected from condenser can be calculated by following equation:
following equation obtained: (9) can be defined with following equation:
Total system thermal efficiency, , can be defined by equation below:
Specific exergy flow of any state, , can be defined as:
Thus, exergy flows can be defined as:
Exergy destroyed in boiler and boiler exergy efficiency :
Destroyed exergy in turbine and exergy efficiency of the turbine can be defined as:
Exergy destroyed in pump and exergy efficiency of the pump can be calculated equations below:
Exergy destroyed in compressor and exergy efficiency of the compressor:
At expansion valve destroyed exergy can be defined as following:
Destroyed exergy in the mixing chamber:
Destroyed exergy at the evaporator and exergy efficiency of the evaporator can be defined as:
Destroyed exergy at the condenser and exergy efficiency of the condenser can be calculated by following equations:
Total system exergy efficiency can be defined by the equation below:
In eq. 28, and will be calculated from following equations: [18] [19] [20] , and boundary conditions are listed to carry out calculations. As it seems from table, system has been investigated under variation of evaporator, condenser and boiler temperatures. To determine effect of the condenser tempeature to the system performance parameters boiler and evaporator temperatures are fixed at 100 °C and °C respectively. As it is clearly seen from fig. 5 that, if the system is operated at high condenser temperatures performance of the system will be low. In fig.   5a and fig. 5b , The smallest values are obtained by using R600a and R245fa for the total system and ORC system respectively. In fig. 5c , one can see that exergy efficiency of the system will decrease as a result of high exergy input to the system. As it is well known, high condenser temperatures cause reduction in coefficient of performance (COP) at typical refrigeration cycles. For R123, destroyed exergy and exergy efficiency of components shown in tab. 3
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). As a result of the calculations, the greatest exergy lost occurred in condenser because of high heat rejection resulting high heat loss. At mixing chamber because of adiabatic mixing, exergy loss nearly zero. Exergy loss value of the total system is 145,6
kW and exergy efficiency of the system 8,5% for these boiler, evaporator and condenser temperatures.
Conclusions
In this study, exergy and energy analysis of a combined refrigeration and waste heat sourced organic Rankine cycle has been done. Five different working fluids has been used as working fluid, which are R123, R600, R600a, R245fa and R141b, energy and exergy performance of the system analyzed due to change in boiler, evaporator and condenser temperatures at specified intervals.
It can be easily understood from the results that, R141b is the most suitable organic fluid between these five different fluids for the given parameters. Frequently used organic fluid in ORC systems, R245fa, seems to be not appropriate organic fluid for this system since its performance very low compare to R141b and R123.
Since evaporator and condenser temperatures is constant, if the system is operated at high boiler temperatures both energy and exergy performance of the system will be better. High evaporator temperatures decrease cooling load resulting greater coefficient of performance values but despite that it adversely effects the exergy efficiency of the system. Thermal efficiency and exergy efficiency of the system will dramatically decrease when the condenser temperature is increased. It causes almost 10%, 2% and 4% reduction in thermal efficiency of the system, thermal efficiency of the ORC system and exergy efficiency of the system respectively for each working fluid. According to that results, it can be understood that the best working fluid for the purposed system is R141b and the optimum working temperature conditions are high boiler temperature, medium evaporator temperature and low condenser temperature.
In this study, dry and isentropic type working fluids were chosen particularly, despite that [3] Ozdil, N., F., T., Segmen, M., R., Tantekin, A., Thermodynamic analysis of an Organic Rankine Cycle (ORC) based on industrial data, Applied Thermal Engineering, 91 (2015), pp. 43-52.
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